REMARKS 

In the Action, claims 14, 15 and 23-25 are rejected, and claims 16-22 are allowed. In 
response, claims 15 and 16 are amended, and claims 23-25 are cancelled. This leaves claims 
14-22, with claims 14, 15 and 16 being independent. 

Claim 15 is rejected under 35 U.S.C. § 1 12, second paragraph, as being indefinite. 
The Amendment to claim 15 corrects the obvious clerical error and amends claim 15 to 
include the subject matter of original claim 14. Since this is the only rejection of claim 15, 
this amendment is submitted to place claim 15 in condition for allowance. 

Claim 16 is also amended to be in independent form and to include the subject matter 
of original claim 14. Accordingly, claim 16 and the claims depending therefrom are believed 
to be in condition for allowance. 

In view of these amendments and the following comments, reconsideration and 
allowance are requested. 

The Rejections 

Claims 23-25 are rejected under 35 U.S.C- § 102(b) as being anticipated by U.S. 
Patent No. 5,965,066 to Koch et al. By this Amendment, claims 23-25 are cancelled to 
obviate this rejection. 

Claim 14 is rejected under 35 U.S.C. § 103(a) as being obvious over the literature 
article by Hirata et al. The Action cites the Abstract of the Hirata et al. article which 
discloses a single compound. Appended hereto is a complete copy of the literature article for 
the Examiner's consideration. The Action contends that the only difference between the 
compound of Hirata et al. and the claimed invention is the position of the isopropyl group on 
the phenyl ring and that it would have been obvious to produce the isomers of claim 14 by 
rearranging the positions of the substituents. 
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Hirata et al. provides no motivation, teaching or incentive to produce the claimed 
compounds of claim 14 which are starting compounds for preparing the final compounds of 
the invention recited in claims 15 and 16. Hirata et al. is specifically directed to an inhibitor 
of the tetracycline efflux pump in a tetracycline resistant clinical isolate of Staphylococcus 
aureus 743. In particular, Hirata et al. is directed to compounds that will increase the 
intracellular tetracycline concentration in the bacterial cell. Thus, Hirata et al. is directed to 
compounds having a specific bioactivity that by its nature is unpredictable. The bioactivity 
of compounds is specific to the substituent and its location. As noted in the Abstract of the 
Hirata et al. article, only three of the seven compoimds examined exhibited a significant 
increase in the cellular concentration of tetracycline and where only two of the compounds 
appear to be energy inhibitors. 

Hirata et al. is concerned with an impredictable art as demonstrated by the compounds 
disclosed in Figure 3 and the bioactivity of the compounds shown in Figure 4. The 
unpredictable nature of the compounds disclosed by Hirata et al. provide no motivation or 
incentive to one of ordinary skill in the art to produce the position isomers as suggested in the 
Action. Moreover, Hirata et al. clearly provides no suggestion of rearranging the substituents 
according to the claimed invention. The bioactivity of the compounds disclosed by Hirata et 
al. are not inherently present in the claimed compounds and cannot be expected to have the 
same properties so that it would not have been obvious to one of ordinary skill in the art to 
modify the compounds of Hirata et al. Since Hirata et al. is concemed with the specific 
bioactivity of the compounds, it would not have been obvious to rearrange the compounds as 
in claim 14. Accordingly, the compounds of claim 14 are not obvious over Hirata et al. 



In view of the above comments, claim 14 is submitted to be allowable over the art of 
record. Claims 15-22, as amended, are also submitted to be in condition for allowance. 
Accordingly, reconsideration and allowance of the claims are requested. 

Respectfully submitted. 
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Screening of an Inhibitor of the Tetracycline Efflux Pump in a 
Tetracycline-Resistant ClinicaHsolate of 
Staphylococcus aureus 743 

Takahiro Hirata," Rumi Wakatabe," Joergen Nielsen,'' Tomoko Satoh," Shin-ichi Nihira/' and 
Akihito Yamaguchi 

Nippon Roche Research Center," 200 Kajiwatv, Kamakura, Kanagawa 247~H530, Japan, Hoffman-La Roche Co., Ltd.,'' 
Basel, Switzerland, Department of Ceil Membrane Biology, Institute of Scientific and Industrial Research, Osaka 
University'' Mihogaoka, Osaka 567-0047, Japan, and Faculty of Pharmaceutical Sciences, O.saka University,"^ Yamadaoka, 
Suita 565-0871. Japan. Received February 12, 1998; accepted April 13. 1998 

Clinically-isolated methicillin-resistant Staphylococcus aureus (MRSA) strain 743 exhibited resistance to 
tetracycline as judged from the active efflux of the drug. The efiflux of tetracycline was inhibited by an uncoupler, 
carbonyl cyanide /w-chlorophenylhydrazone (CCCP), and minocycline. Inhibitors of the efflux pump were exam- 
ined in this strain to determine the cellular accumulation of tetracycline. Out of seven compounds examined, 
three caused a significant increase in the cellular concentration of tetracycline by inhibiting the efflux pump. Two 
of them seem to be energy inhibitors. Ro 07-3149 inhibited the efflux pump without affecting the energy state, 
and exhibited very low antibacterial activity but showed weak synergy with tetracycline. 

Key words .V. tnuxiLs; tetracycline; drug resistance; inhibitor; drug ctllux 



Methicillin-resistant Staphylococcus aureus (MRSA) fre- 
quently shows antibiotic resistance against a wide range of 
antibiotics including tetracycline.'' The resistance of MRSA 
to tetracycline is based largely on two resistance determi- 
nants, tet(M)^' and tet(K).^* The resistance mechanisms of 
tet(M) and tet(K) are based on ribosomal protection"*' and ac- 
tive drug eflPiux,*'' respectively. If an eflkient inhibitor of the 
tetracycline efflux pump is found, it should be very useful for 
the eradication of MRSA. 

Tetracycline enters bacterial cells via simple diffusion 
through the lipid hi layer region of the cytoplasmic membrane 
as a protonated neutral form and then is accumulated as a de- 
protonated negatively-charged form or a monocationic chela- 
tion complex with a magnesium ion, because the pH of the 
cell interior is higher than that of the exterior in energized 
celis.^' Tetracycline efflux pumps, such as Tet(K)^' and 
Tet(B),'* actively export a tetracycline-divalent cation chela- 
tion complex through antiport with a proton.*** Therefore, the 
tetracycline accumulation level of tctracycline-sensitive cells 
is high and deenergization by an imcoupler reduces the intra- 
cellular tetracycline concentration, whereas that of resistant 
cells is low and an uncoupler increases the intracellular con- 
centration until there is a concentration equilibrium across 
the cell membrane. On the other hand an efficient inhibitor 
of the tetracycline efflux pump, if one exists, is expected to 
greatly increase the tetracycline accumulation level of resis- 
tance cells to that of energized sensitive cells. 

S, aureus strain 743 is a typical MRSA strain, which was 
clinically isolated and showed tetracycline resistance. In this 
study, we found that S. aureus 743 has an active tetracycline 
eflHux pump and that minocycline efficiently inhibits it. We 
used this strain to examine efflux pump inhibitors. 

MATERIALS AND METHODS 

Strain S. aureus 743 was clinically isolated in Nutley, 
New Jersey, U.S.A. in 1983, and is resistant to tetracycline as 
well as to many other kinds of antibacterial agents, including 

* To whom correspondence should be addrcs.scd. 



methicillin, erythromycin, trimethoprim and sulfomcthoxa- 
zole." 

Reagents Muller-Hinton broth was obtained from Difco. 
[•^H]Tetracycline was purchased from DuPont-New Hngland 
Nuclear. Ro 07-3 1 49 (Fig. 3} was synthesized by Roche Nut- 
ley (NJ, U.S.A.), and its purity was more than 95%, as deter- 
mined by thin layer chromatography. Other compounds were 
obtained from our in-house compound library. Other materi- 
als were all of reagent grade. 

Assaying of ["^HlTetracycline Uptake by Intact Cells 
S. aureus 743 cells were precultured with shaking overnight 
in Muller-Hinton broth supplemented with 20//g/ml of tetra- 
cycline. One percent of the overnight culture was inoculated 
into the same medium and then the cells were grown to expo- 
nential phase (approximately L7X l()**CFU/ml). The cells 
were harvested and washed once with the storage bufler 
(lOOmM potassium phosphate (pH 7.2) and 7.5 mw ammo- 
nium sulfate), and then resuspended and concentrated 
twenty-times in the same buffer containing 200 jUg of chlo- 
rampheni col/ml. The cells were stored on ice until use. 

For the uptake assay, the cells were diluted three times 
with the assay buffer (100 mM potassium phosphate (pH 6,6), 
lOOniM KCK 2mM MgS04 and 0.4% glucose). Uptake was 
initiated by adding 20 jA\ of 25 /iM [^H]tetracycline (75 
Ci/mole) to a mixture of 60/il of the cell suspension and 20 
p\ of the inhibitor solution. Afler incubation at 37 "C for 80 
min or the indicated times, the cells were filtered out on a 
glass filter and then immediately washed with the as.say 
buffer. The radioactivity on the filter was counted with a 
Beta-Plate Counting System (Pharmacia). The intracellular 
concentration of tetracycline was calculated, with a counting 
cHiciency of 56%, a cell volume of 1.3/il/l()*'cells being 
used. 

Antimicrobial Activity Antimicrobial activity was mea- 
sured by the broth dilution method with Muller Hinton broth. 
Approximately 5X10^* cells were inoculated into lOO^l of 
the broth in the presence of a series of 2-fold dilutions of the 
indicated drugs. The minimum inhibitory concentration was 

t** iWJi Phamiaceulical Society of Japan 
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determined after cells had grown for 1 8 h at 37 °C. 
RESULT 

Active Eflflux of Tetracycline from S. aureus 743 Cells 
S. aureus 743 showed antibiotic resistance to a wide variety 
of chemotherapeutic agents including tetracycline. The ac- 
cumulation of tetracycline in S. aureus 743 cells was very 
low when intact cells were incubated with [-^HJtetracycline 
(Fig. 1). The addition of an uncoupler, carbonyl cyanide m- 
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chlorophenylhydazone (CCCP), increased the accumulation 
level by a factor of about 2. Minocycline, which is a hy- 
drophobic derivative of tetracycline, greatly increased the 
cellular accumulation of tetracycline by a factor of about 30 
v/hen 400 /IM minocycline was added (Fig. 1), These obser- 
vations indicated that the intracellular concentration of tetra- 
cycline in S. aureus 743 was lowered by an active efflux 
pump and that minocycline is an efficient inhibitor of the ef- 
flux pump. The accumulation level of tetracychne was de- 
pendent on the minocycline concentration (Fig. 2). The max- 




Fig. !, Effects of 
clinc Accumulation 

A. no drug added: 
dine. 



Time (min) 

Minocycline and CCCP on the Time Course of Tctracy- 
in S. aureus 743 Cells 

A, 200 /iM CCCP: O. 200 /iM minocycline; 400 /iM minocy- 




Minocydine concentration (|xM) 

Fig. 2. Minocycline Concentration Dependence of the Intracellular Tetra- 
cycline Concentration in .V. aureus 743 Cells 

The tetracycline concentratian was mea};ured aOer 90 min incubation as described in 
Malurials and Methods. 




Fig. 3. Chemical Structures of Ro 07-3 1 49 and Their Derivatives 
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Table 1. Effect of Ro 07-3149 on the Antibacterial Activities of Tetracycline toward Methicill in-resistant i\ auretis 743 and a Drug Sensitive Wild-type 
S, aureus ATCC25923 
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Fig. 4. Effects of Ro 07-3149 and Its Derivatives on the Intracellular 
Tetracycline Concentration in S, aureus 743 Cells 

llie icirocycline conccntraliun was measured after 75 min incubation a.s described in 
Materials and Methods. •, Ro 07-3149 (1): O. compound (2): ▲. compound (3): A. 
comiwund (4|; ■, compound (S); □. compound (6); X. compound (7). 

imum level was reached with 400 /iM minocycline, and at 
higher minocycline concentrations the level inclined to de- 
crease, probably due to minocyc line-induced de-energiza- 
tion. 

Effects of Various Compounds on the Accumulation 
Level of Tetracycline in S, aureus 743 Cells The effects of 
a novel compound, l,l-dimethyl-5-(I-hydroxypropyl)-4,6,7- 
trimethylindan, Ro 07-3 149, and six derivatives of it on 
the intracellular accumulation level of tetracycline in S. au- 
reus 743 were investigated (Fig. 4), Three of these com- 
pounds did not affect the accumulation of tetracycline. Com- 
pounds (3) and (4) increased the intracellular tetracycline 
concentration at 25/jg/ml, whereas at higher concentrations* 
the intracellular concentration of tetracycline decreased to 
the level without compounds (Fig. 4), probably due to de-en- 
ei^ization. These results indicate that these two compounds 
are certainly efflux pump inhibitors but that they also act as 
uncouplers at high concentrations. Compound (7) moderately 
increased the intracellular tetracycline concentration at 100 
;xg/mi, indicating this compound is a weak inhibitor. Only Ro 
07-3149 greatly increased the intracellular tetracycline con- 
centration at 25pg/ml, and at higher concentrations did not 
affect the level of this drug (Fig. 4). Ro 07-3149 seems to be 
an efficient efflux pump inhibitor without uncoupling activity 
because (1) significant accumulation of tetracycline in cells 
was observed when Ro 07-3149 was added whereas only a 
low concentration of tetracycline in cells was observed in the 
presence of the uncoupler, CCCP and (2) the level of accu- 



mulation was constant over the range of concentrations 
tested. 

Effect of Ro 07-3149 on the Antibacterial Activity of 

Tetracycline As shown in Table I, the antibacterial activity 
of Ro 07-3149 is weak. The minimum inhibitory concentra- 
tion (MIC) for S. aureus 743 cells is only 32/jg/ml. On the 
other hand, the MIC of tetracycline for these cells is 64/yg/ml 
(Table 1), which is much higher than that for tetracycline- 
sensitive S, aureus ATCC25923 cells (0.25 jug/ml). In the 
presence of 8/ig/ml (I/4MIC) of Ro 07-3149, the MIC value 
of tetracycline decreased two-fold, whereas that of chloram- 
phenicol was unchanged (Table 1 ) . 

DISCUSSION 

We showed in this study, that .V. aureus 743 has an active 
tetracycline efflux pump and that Ro 07-3149 is an elficicnt 
inhibitor of this pump. The presence of the tet{K) gene was 
detected by the PCR method in DNA isolated from .V. aureus 
743 cells (data not shown). The combined effect of Ro 07- 
3149 with the antibacterial activity of tetracycline was ob- 
served but the tetracycline resistance of this strain was not 
lost in the presence of Ro 07-3 149. Therefore, the ribosomal 
protection mechanism may also contribute to the tetracycline 
resistance of the strain. 

We investigated the mechanism of the Ro 07-3149 action 
on the Tet(K) efflux pump expressed in Escherichia coli in 
detail in our previous study.'"' It was confirmed to inhibit the 
Tet(K) pump in everted membrane vesicles of E. coli without 
affecting the energy state of the membrane.'"* 

The screening method described here is based on the fact 
that efflux pump inhibitors greatly increase the intracellular 
drug concentration. The level is far higher than that reached 
on de-energization by an uncoupler. This is a simple and very 
specific method for the screening of efflux pump inhibitors 
without an uncoupling action. This is a very important factor 
because usual methods based on the synergetic effects of in- 
hibitors with the antibiotic actions of drugs tend to reveal en- 
ergy inhibitors, most of which are not suitable for chemother- 
apy due to their toxicity. The combination of synergy and 
drug accumulation methods is the most preferable for the 
screening of efflux pump inhibitors. 
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